The paper presents four 1-dimensional models of thermal resistance of walls in a heat exchanger with rectangular minichannels. The first model is the simplest one, with a single wall separating two fluids. The second model of the so called equivalent wall takes into account total volume of intermediate walls between layers of minichannels and of side walls of minichannels. The next two more complicated models take separately into account thermal resistance of these walls. In these two models side walls are treated as fins. The results of models comparison are presented. It is shown that thermal resistance may be neglected for metal walls but it should be taken into account for the walls made of plastics. For the case of non-neglected wall thermal resistance the optimum wall thickness was derived. Minichannel heat exchangers made of plastic are larger than those built of metal, but are significantly cheaper. It makes possible to use of such exchangers in inexpensive microscale ORC installations.
Small scale organic Rankine cycle (ORC) installations demand use of miniature and inexpensive heat exchangers. Minichannel heat exchangers may be made of metal, but there is a possibility to use polymers or other formable materials of small thermal conductivity [1] . At the Institute of Fluid Flow Machinery PAS the design and investigation of miniature heat exchangers for application in ORC is carried out. It is planned to test some non-metal materials for operation in ORC installation. In the paper there are presented four 1-dimensional models of the wall thermal resistance in heat exchangers with rectangular minichannels of the same size. Two of these models are presented in [2] . The models were analysed and compared. It is shown that the thermal resistance of metal walls may be neglected. For the walls made of plastics these models show that the optimal wall thickness is relatively small. The models of the wall thermal resistance are used to calculate the overall heat transfer coefficient k in heat exchangers with rectangular minichannels. General view of a minichannel heat exchanger and considered control volume is presented in Fig. 1 . Heat transfer rate in the control volume is given by the formula: Total thermal resistance is given by the overall heat transfer coefficient and heat transfer area of the control volume (in the figure the control volume depth δz is along the channel's z-axis, perpendicular to the figure's plane):
where
Partial thermal resistance are calculated in the same way, for example:
Channel's cross-section aspect ratio is defined as
Hydraulic and thermal diameter is given by
2 Model 1 -no side walls of the channels First the simplest model is considered where side walls of the channels are removed, Fig. 2 . The formula for total thermal resistance in the models 1 has the form
Use of (2) and (4) leads to the equation 
which gives the final formula for overall heat transfer coefficient k 1 :
Model 2 -walls are replaced by an equivalent wall of the same volume and area
In model 2 the walls are represented by an equivalent wall of the same volume and area, Fig. 3 . The formula (8), by use of (2) and (4), has the following form in this model with the equivalent wall thickness
Simplification of (11) gives the final formula for k 2 :
Model 3 -side walls as fins, one common resistance of the wall between hot and cold channels
In this model heat transfer through the intermediate and side walls of the channels are taken separately into account whereas side walls are treated as fins. However, heat flows through the wall between hot and cold channels are not separated, Fig. 4 . The formula for the total thermal resistance in the model 3 has the form
Use of (2) and (4) leads to the equation
with fin efficiency given by (B is introduced later) Simplification of (15) gives the final formula for k 3 :
(17)
Model 4 -side walls as fins, two separate resistances of the wall between hot and cold channels
In this model heat flows through the intermediate and side wall of the channels are taken separately into account whereas side walls are treated as fins. Heat flows through the wall between hot and cold channels are also separated into two parts, Fig. 5 . The formula for the total thermal resistance in the model 4 has the form
Use of (2) and (4) leads to the equation:
Simplification of (19) gives the final formula for k 4 :
(20) 
Models analysis and comparison
Obtained values of the overall heat transfer coefficient k are compared to the maximum value k M AX (present for wall thermal resistance equal zero):
It is assumed in this analysis that the channel size and heat transfer coefficients α h , α c remain constant. The only change of the overall heat transfer coefficient k is caused by the changes of wall thickness d i , d s . The common case of equal d i and d s is assumed:
Heat transfer coefficient α of fluid flow can be calculated from the Nusselt number:
As an example, for fully developed laminar flow Nusselt number depends on the cross-section aspect ratio only and for r = 1 (square minichannels) Nu = 3.608 [3, 4] . There are two limiting cases of heat transfer coefficients α h , α c :
• α = α h = α c (both the same single-phase flows), which gives k M AX = α/2, The actual value of k M AX lays between these two bounds
For each model the quotient k/k M AX is analysed for these two limiting cases.
A dimensionless coefficient B appears in the remaining part of the analysis as 
In Figs. 6-9 calculation results of k/k M AX vs. relative wall thickness d/b for the flow in square minichannels (r = 1, Nu = 3.608) are shown. is defined: 
It is easy to see that coefficient B is replaced by 2B in each formula of this case. In Figs. 10-13 calculation results of k/k M AX vs. relative wall thickness d/b for the flow in square minichannels (r = 1, Nu = 3.608) are presented. 
Discussion
Among the analysed models the most advanced are the models 3 and 4 and they give the reference results. However they are still 1-dimensional, which means that from the physical point of view, the wall material has anisotropic thermal conductivity: finite in the vertical direction and infinite in the horizontal one. Since this artificial material has better thermal conductivity then the real one, the 1-dimensional models overestimate values of the overall heat transfer coefficient k.
This universal result reflects the fact that infinite thin side walls do not conduct heat. For the exemplary value r = 1 this limit is equal to 1/2. Model 2 does not respect this result and does not give correct results, Figs. 6-13. Model 1 gives rough approximation of the results from models 3 and 4 for bad heat conductors like PTFE (teflon), Figs. 9 and 13, used in so called polymer heat exchangers [1] . Model 1 may be used for these materials, but the results are always slightly underestimated in comparison with models 
The examples of optimal values of d/b for the cases 1, 2 are presented in Tab. 2. The optimal values of d/b are fortunately small for bad thermal conductors, and the optimal side walls may still be treated as thin fins. In practice, the relative wall thickness d/b should not be too small and should lay in the range 0.05-0.15 [1] . Worse thermal conductivity of nonmetal walls may be compensated by higher number of minichannels. In the case of PTFE -teflon and ethanol (B = 1.14) the optimal k/k M AX is equal to 0.571 and 0.540 only, respectively in the case 1 and 2. To compensate this, the heat transfer area should be increased by 1/0.571 = 1.75 or 1/0.540 = 1.85 respectively. However the side of the heat exchanger's square cross-section will be increased by smaller factors: √ 1.75 = 1.32 or √ 1.85 = 1.36 respectively. If higher number of minichannels may be accepted, the use of plastic instead of metal significantly decreases production costs.
Conclusions
• Four 1-dimensional models of thermal resistance of walls in a heat exchanger with rectangular minichannels were derived and analysed.
• Model 3 is recommended. It takes side walls into account as fins and uses single thermal resistance between layers of hot and cold minichannels. This model may be easily generalized to the case of non-equal hot and cold minichannels.
• Metal minichannel walls have negligible thermal resistance.
• The simplest model 1 may be used for plastic walls of bad thermal conductivity.
• The optimal wall thickness was derived for walls made of plastics.
• Mininichannel heat exchangers made of plastics are moderately bigger. However their production costs may be significantly lower, what is important in foreseen mass production of ORC installations used in domestic combined heat and power (CHP) technologies.
